This paper analyses longitudinal household surveys from Purulia and Giridih, two adjacent districts on the Chhotanagpur Plateau in Eastern India in 1997 and 2006, to assess the sustainability of the evolving local rice-based agricultural system. Increasing population with little outmigration suggests mounting burden on the already fragile land endowment. The pattern of land sales and purchases suggests land consolidation among fewer farmers is not a concern. Use of high yielding varieties (HYVs) and of chemical inputs increased in both districts. However, rice yields have increased in Purulia but stagnated in Giridih. Socioeconomic progress is more apparent in Purulia in other aspects as well, such as its land reform policy, the Panchayat system and higher rate of HYV adoption. Sustainability of the agricultural system in Purulia may be less than in Giridih due to its pattern of land transactions and the cautious move among farmers toward high-chemical intensity agriculture.
Introduction
As is typical in rainfed lowland rice areas in Asia, the Chhotanagpur Plateau in India constitutes an area of low agricultural productivity where large numbers of household suffer from severe poverty. The incidence of poverty among households in the relatively remote area covered in the study reported on in this research is among the highest in India. Practice of subsistence farming in the unfavourable and risky environmental area remains the common basis of livelihoods. The natural resource base can be characterized as being poorly suited to agriculture due to climatic, water resource and soil conditions; and many decades of environmentally damaging agricultural practices and highly erosive monsoon rains, deforestation and accelerated soil erosion have left many parts of the plateau severely degraded (Banik et al., 1994) .
Increasingly, families that live and work in the area depend upon non-agricultural income generating activities to sustain their households-especially during the post-Monsoon season. The majority of these non-farming activities involve low productive and low paying work in home based microenterprises, handicrafts and casual employment. Trends with respect to the state of natural resources, combined with the paucity of options for high-return non-agricultural employment, make challenging future economic prospects for the area and the households that derive their livelihoods in this challenging environment. Accordingly, studying the area provides an ideal site for understanding long-term developments in a relatively remote and poor region of Eastern India at a micro-level.
The paper addresses three main questions related to these themes: (i) how have rice yields in our rain-fed rice study area in Eastern India changed over time, (ii) how have the inputs to rain-fed rice agriculture changed over time in the area and (iii) what implications have changes in rain-fed rice cultivation practices in the area had for the environmental (and economic) sustainability of the agricultural system?
In this study, a longitudinal household survey was conducted in an effort to understand the main biophysical and socioeconomic factors driving farmers' livelihood strategies and use of the resources available to them in adjacent Districts (Giridih and Purulia) of the states of Bihar (located in the newly formed Jharkhand State) and West Bengal. (Note 1) This paper is based on the results from the first two rounds of surveys initiated in 1997 and 2005, and focuses on the potential implications for the sustainability of the livelihoods of poor households in the area as a result of the changes in rice-farming practices and land tenure during the period.
The next section provides a brief review of some of the most relevant literature pertaining to agricultural change and the sustainability of the agricultural system in rainfed rice growing areas of India. The paper then briefly describes the environmental and historical characteristics in the area studied in this paper, and outlines the dataset used in the analysis. Subsequent sections describe salient developments in rice farming in the area during [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . Section 4 provides a brief description of changes in landholdings. The rest of the paper considers changes in rice farming in the area, progress in the adoption of high yielding rice varieties (HYVs), changes in the use of inputs for rice production and changes in rice yields. The paper concludes by summarizing its findings regarding the sustainability of the faming system and local economy in the study area.
Sustainability of Rainfed Rice Agriculture in India: A Literature Review
A number of existing studies have examined long term changes in rice yields and rice inputs, and the implications of the observed changes on the agricultural sustainability of rain fed rice cultivation in Eastern India. An even larger body of existing research has considered these questions in other parts of India and agro-climatically similar areas further afield. Ghosh (2010) and Kumar and Mittal (2006) examined agricultural productivity trends and estimated rates of growth of output and total factor productivity in Eastern India. Examining farm data from West Bengal, Ghosh (2010) estimated that rice output grew at a rate of 1.2 per cent per annum in the period 1980 to 1992, reversing falls in output observed during the 1970s. This growth rate was shown to be statistically significant, primarily due to yield growth (0.72 per cent per annum in the 70s to 4.07 per cent per annum in 1980-81 to 1991-92) . The same study found that total rice production and yield growth declined significantly from 1992 to 2005 (yield growth declined to 1.61 per cent per annum during this period).
A study of the carrying capacity of rain-fed agriculture in India (Venkateswarlu & Prasad, 2012) concluded that there was room to increase food grain production on these lands-particularly in Eastern India-through the adoption of improved practices on resource conservation, more efficient use of rainwater, soil fertility improvement and better technology transfer. While significant production growth of major rain-fed crops was achieved during the years 1998 to 2009, there was a persistent yield gap between rain fed and irrigated areas. For instance, average yield of rain-fed rice is about 1 ton while achievable yield is up to 2,500 kg/ha. With almost 60 per cent of total area cultivated to rice taking place on rain-fed areas, constraints to close this yield gap must be urgently addressed.
Other studies examining rain-fed regions in Eastern India have looked at the adoption of modern varieties and its corresponding impact on agricultural productivity. The rainfed region of Eastern India was estimated to be important in driving overall trends toward MV adoption, accounting for nearly a third of total MV adoption (Janaiah et al., 2006) in Assam, Bihar, Madhya Pradesh and West Bengal. The study covered the states of Assam, Bihar, Madhya Pradesh and West Bengal, and found that each area experienced significant jumps in rice yields during the 1980s. Yield increases ranged from 3.45 per cent in Madhya Pradesh to 6.2 per cent in West Bengal. By 1998-2000, the study found that the adoption rate in Eastern India had reached nearly 80 per cent of total rice area. Nonetheless, average yields remained low in the area compared to the rest of India due to its unfavourable environment. The study also found that about one-third of MV area in Eastern India used MVs developed for other regions. MV adoption in Eastern India proceeded more quickly in the late 1980s, when shallow and tube well irrigation facilities were expanded within the region. Increased MV adoption in Eastern India was accompanied by increased use of chemical fertilizers.
To test the productivity implications of MV adoption and their hypothesis that adoption of improved MVs has reduced production risks over time, the authors estimated an instability index based on farm-level yields for two periods (early Green Revolution (GR) years 1971 -85 and post Green Revolution period 1986 -2000 . Estimates suggested that instability in rain-fed states of Bihar and West Bengal declined but remained at higher levels than in irrigated states of Punjab and Andhra Pradesh.
These studies suggest that while productivity growth exhibited a declining trend starting from the 1990s, the observed levels of yield and input use did not raise sustainability concerns. The studies found TFP growth was positive and there was common technology and knowledge transfer, and investments in research and extension should push the productivity frontier (Kumar & Mittal, 2006; Venkateswarlu & Prasad, 2012) . Sharma and Shardendu (2011) constructed an Agricultural Sustainability Index (ASI) for 150 farms over the periods 1950-1960, 1980-1990 and 2000-2010 using both primary and secondary data from Gangapur village in Bihar state. They selected a total of 30 variables (social, economic and ecological) to construct their sustainability index, based on the variables significance to the locality, availability of data and availability of threshold values for each variable. They observed that economic sustainability (i.e. food grain yield/ha, fertilizer use/ha, percentage of arable land devoted to various cropping cycles, other access to finance-and market-related variables) increased over the years covered in their research. Observed changes in food grain yield (2,4 kg/ha in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] and fertilizer use (360.6 kg/ha in 2000-2010) were way below estimated thresholds for the area (12,770 kg/ha for yield and 1,070.89 kg/ha for fertilizer use). However, ecological sustainability declined (i.e. gene pool erosion of native crops, a reduction in topsoil depth, a decline in level of water table, reduced use of eco-friendly practices, declining ecological literacy). Nevertheless, changes in ASI values observed over the three decades were statistically insignificant, suggesting that agricultural practices have maintained broadly sustainability in this part of rural Eastern India in recent decades. The authors predict that this is likely to continue.
Expanding our review to consider studies focusing on areas outside of Eastern India, we find that studies conducted on predominantly irrigated lands in northern Indian states, which border Eastern India and share some of its characteristics, have produced similar findings (Singh, 2000; Kumar & Chand, 2012 ). In a village-level study in Uttar Pradesh, rice production systems were studied in the flood-prone village Ecauna and flood-free village Tewari-ka-Tarkulawa (Ballabh & Pandey, 1999) . In Ecauna, area under rice cultivation expanded only by 8 percentage points, from 20 per cent in 1982 to 28 per cent in 1996. This expansion was due to increased adoption of local varieties; HYV adoption was constant during the period under study. The yield of local varieties increased from 7-9 qt/ha Intensive use of agro-chemicals was observed in Haryana, where fertilizer consumption increased from 3 to 130 kg ha−1 during the period 1960-61 to 1991-92 (Singh, 2000) . For rice, fertilizer consumption was 160 kg ha−1. By the end of the study period, yield per hectare reached 1.37Mgha−1 from 0.63Mgha−1 in 1965-66. Several environmental problems were linked to these changes in yield and input-use trends, including decline of ground water table and soil fertility changes. Water table decline in rice-wheat growing districts of Haryana ranged from 3-10 meters. Time series data (1967-68, 1977-78, 2006-07) in Karnal district in Haryana showed marked change in the area's cropping pattern. Wheat, fodder, rice and maize were predominant in 1967-68, which evolved to wheat-rice-fodder in 1977-78 and finally to primarily wheat-rice in 2006-07. Sustainability of the rice-wheat system is a major concern due to depletion of ground water resources associated with this cropping system and unavailability of further land for cultivation. The researchers suggest that to arrest the unsustainability of agriculture production, diversification of cropping system is paramount (Kumar & Chand, 2012) . Review of the findings from studies most closely related to the questions being asked in the research being reported in this paper indicates that the few studies that have focused on rain-fed rice-based agriculture in Eastern India have found that yields have increased through the adoption of modern varieties and associated Green Revolution technology (especially increased use of chemical fertilizer), but increases have lagged behind those found in other parts of India, which suggests there is still potential for rice production and yields to increase from the region. The single study identified that assessed the sustainability implications of applying these new technologies in such environments found no significant declines in sustainability with the adoption of new technologies. However, the scant number of studies and the fairly limited methods used in them make clear that there is a need for more research in this area.
The next section of this paper briefly describes the environmental and historical characteristics in the area studied in this paper and outlined the dataset used in the analysis. Subsequent sections describe salient developments in rice farming in the area during [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . Section 3 provides a brief description of changes in landholdings. The rest of the paper considers changes in rice farming in the area, progress in the adoption of high yielding rice varieties (HYVs), changes in the use of inputs for rice production and changes in rice yields. The paper concludes by summarizing its findings regarding the sustainability of the faming system and local economy in the study area. In recent decades, agriculture has become the predominant basis of livelihoods of residents in the districts. The main crops cultivated in the two districts are similar. Households from scheduled tribe backgrounds form a significant part of the population in both districts. Post-independence government reforms, particularly introduction of the Panchayat system and a major land reform carried out during the 1980s, increased the number of small landowners in Purulia and had major impacts on Purulia District's economy. It has altered land use and the technology applied in agriculture in the area. Local Panchayats have worked with agricultural extension agents and agricultural input suppliers to distribute High Yielding Varieties (HYVs) of rice seed, and modern inputs like fertilizer, pesticides, other agrochemicals were distributed to farmers.
The selection of villages and households within the villages from the two districts included in the study applied stratified random sampling. First, four blocks distributed throughout from each district were selected, then two villages from each block were selected to ensure one village had relatively easier access to main transport routes and markets while the other was more remote (Figure 2 ). Approximately 30 to 40 households were selected randomly for inclusion in the survey from the list of village residents using stratified random sampling based on household landholding (i.e., large >25 acres, medium-12 to 25 acres, small 6 to 12 acres, marginal 0.5 to 6 acres and landless or virtually landless <0.2 acres), with weights from each landholding category assigned in rough proportion to the landholding size class's representation in the total village population according to the most up to date Census available at that time. The panel data collected for the study tracks the agricultural and economic activities of nearly 600 households over a period that spans nearly a decade (see Table 1 ). However, over time, as a result of household divisions, the number of households surveyed increased substantially, rising from 266 to 330 between 1997 and 2004 in Giridih, and from 275 to 348 (increases of roughly 24 per cent and 27 per cent in Giridih and Purulia districts,
Figure 1.1b Surveyed villages and markets (Purulia District)
respectively) between 1998 and 2006 in Purulia. (Note 2) Attrition from the survey sample was quite low, with only 12 households (divided equally across Giridih and Purulia) of the original 541 households being dropped from the follow up survey due to the death or migration of all household members. Total population among surveyed households increased by a quarter and combined with the low rate of outmigration, suggests there is mounting population pressure in the area that places additional pressure on the land endowment on the ecosystem of this fragile area. In rural area of developing countries with large agricultural sectors, household income typically correlates strongly with size of landholding. The survey collected information on household demographic characteristics, agricultural inputs and outputs (at the plot-level), allocation of agricultural output (e.g., how much output was consumed by the household and how much sold), and household capital and livestock holdings. The baseline survey was conducted in 1997 in Giridih and in 1998 in Purulia, and a second round (follow-up) survey was conducted in 2004 in Giridih and in 2006 in Purulia.
Living standards in the study area are low. According to official government poverty estimates, the incidence of poverty in our study area was among the highest in the country. Statewide headcount poverty ratios in Bihar and West Bengal were the second and third highest in 1987-88, first and fifth highest in 1993-94, and second and fifth highest in 1999, respectively (Deaton 2001). Indicators such as estimated household income per capita, the value of asset/wealth holding, and access to public services like education and potable water suggest standards of living in the study area are low. Across the 16 sampled villages, the estimated average annual household gross income was Rs. 27,269 (equivalent to about $680 at the exchange rate prevailing at the time of the survey) and average per capita annual gross income was only Rs. 4,018 (about $100) in the baseline survey. The planning commission's official poverty line in 1999 (Deaton 2001) and the estimated per capita gross income indicated that 60% of the sampled households were poor.
Given the low living standards, it is unsurprising that food security appears to be the primary objective of surveyed farms-resulting in a strong orientation toward subsistence in production. Past episodes of hunger and malnutrition recounted by suvyed households would explain the fixation on satisfying food security in the orientation of agriuclutual activity. Change in this orientation has come slowly as well, with the follow up suvey showing only a modest increase in the share of households selling rice. The sale of farm outputs provided only 3% of the total household gross income, on average, whereas the imputed value of home-consumed farm outputs equaled 34% of the total household gross income in the baseline survey. Challenges with respect to the comparability of imputed income estimates between the baedline and follow up surveys make it difficult to strictly compare these figures across the two surveys.
Diversification of household income sources is a prevalent strategy for coping with risk and vulnerability in rural areas with less favorable economic and agroclimatic conditions. Considering the primary occupation of working age household members reported in the baseline survey in Purulia survey, the most common occupation was "unpaid family labor on family farm," which was reported by 50% of the total individuals across the surveyed households that reported having a principal occupation. Other common principal occupations were miner (20%), followed by casual day laborer (10%) and paid full-time or part-time agricultural laborer (4%). In the off season, household labor is generally idle, engaged in temporary agriucultural jobs in neighboring areas, or migrates to seasonal work in agriculture or constructions. Households also engage in a variety of home-based craft production such as jute weaving, pottery making, and production of leaf plates.
Indicators of the level of education such as the literacy rate or the average years of schooling were slightly higher Vol. 7, No. 4; 2014 in Purulia (35% literacy rate and 3.9 years of schooling) than in Giridih (20% literacy rate and 3.4 years of schooling) at the time of the baseline. Furthermore, average educational attainment appears to have risen more rapidly in Purulia in recent years than in Giridih. Evidence of gender discrimination (e.g., differences in wage rates commanded by male and female workers) suggests that this discrimination was more pronounced in Giridih than in Purulia. There was a higher share of female-headed households among the surveyed families in Purulia than in Giridih.
Households displayed low levels of savings, reflecting both their low income and economic vulnerability. The principal form of savings is livestock holding, but cows and bullocks serve a additional functions in draft power for agriculture and dairy production. The average value of livestock holdings was roughly Rs 8,000 per household at the time of baseline survey. Nearly two-thirds of surveyed households reported owning one or more bullocks, while rates of ownership of smaller farm animals such as goats and poultry was lower. Holdings of physical assets, including agricultural tools and machinery, household appliances, and transport equipment were limited to an average value per household of only Rs 3,000 (equivalent to about $76 at the time the survey was conducted). One quarter of sampled households reported owning no appliances and most (75%) indicated their main means of transport was a bicycle.
Surveyed households with scheduled caste (SC) and scheduled tribe (ST) backgrounds generally had lower income and capital holdings, and had a higher poverty incidence than other households. Villages in which scheduled tribe families predominated tended to be more distant from a source of drinking water, roads, and other public facilities-although the number of villages in the sample is small. In villages with households from diverse caste/ethnic backgrounds, residential segregation was observed, with scheduled caste and scheduled tribe families holding less favourable quality. Although Giridih and Purulia districts share similar agroecological characteristics, the political systems and governing institutions in the two states differ markedly. West Bengal State came under the Left Front government in 1976, which subsequently implemented a major land reform program. The land reform placed an area ceiling on legally permissible landholdings, redistributed land to the landless, and conferred secure tenancy rights. This was accompanied by the implementation of a system for democratic local governance, the panchayat, at the village level. Bihar State, in contrast, underwent no serious land reform and the panchayat system has not been vigorously implemented there. In Bihar, large landholders tend to exercise considerable influence over economic and political institutions down to the village level. Given the contrasting histories and resulting differences in institutional environments, we might expect some systematic differences in the socioeconomic outcomes (e.g., level of poverty, agricultural practices, etc.) between the two districts.
Empirical Findings and Discussinos

Changes in Land Holdings-Incidence of Land Purchases and Sales
The long period between the baseline and follow up surveys in our panel allow sufficient time to gauge changes in land ownership and landholding among surveyed households. Our data suggest that land markets were active among households in all but one of the villages in our sample. Fifteen of the sixteen villages surveys reported changes in landownership during the years covered by the panel. However, the changes nearly always involved transfers of only small plots so do not presage significant changes in land use or the local agricultural system.
Land markets were more active in Giridih than in Purulia according to our survey results. In Giridih, 34 per cent of the respondent households reported having engaged in the purchase or sale of land (17 households had both transactions). This compared to 10 per cent of the respondent households in Purulia (with only 2 households reported having both bought and sold land). In addition to having a higher frequency of land transactions, the total land area involved in the transactions was also larger in Giridih than in Purulia during the period between 1997 and 2005 (the years the baseline survey began and follow up survey was completed). Overall, 61 acres changed ownership in Giridih among surveyed households. The land purchased (44 acres) exceeded the area sold (17 acres). This compared to a total of 16 acres sold and 5 acres purchased among surveyed households in Purulia district. Nearly 18 per cent of the respondent households (58 households) reported land sales in Giridih district, while only 6 per cent of the respondent households (22 households) reported land sales in Purulia. Full details on the land market transactions reported by respondent households are reported in Tables 2 and 3. www.ccsenet.org/jsd The most common reason given for land sales was for marriage in both districts, suggesting the practice of dowry is still common in both districts. Sale of land to provide a dowry was the stated impetus for 62 per cent of total transactions in Giridih and 50 per cent in Purulia. Other reasons given for selling land included: medical (14 per cent in Giridih and 23 per cent in Purulia), other 'crisis' (9 per cent in Giridih and 23 per cent in Purulia) and to cover education and business expenses (about 4 per cent in Giridih). Table 4 summarizes reasons respondents gave for reported land sales.
In regards to motives for land purchases, 22 per cent of the respondent households (72 households total) in Giridih and 3 per cent of the respondent households (11 households) in Purulia, reported having purchased land at some point between the baseline and follow up surveys. In most cases, the source of funds for land purchases came from non-agricultural incomes rather than crop incomes. Fully 92 per cent of land purchases in Giridih relied on this source of financing while 82 per cent of land purchases in Purulia did so (see Table 5 ). The land rental market appears to have been much less active in our study area during the years covered by the panel survey. The most likely explanation for this is that land owners may be reluctant to enter into rental arrangements out of concern that rental contracts could endanger their ownership rights based on experience from earlier land reform efforts in the study area --which targeted rented land for expropriation.
In summary, the land market appears to be active in both Giridih and Purulia, although both the level of activity and the types of land sales and purchases differed between the two districts. However, there was little reported land rental in either district. In Giridih, where land sales and purchase were more commonly observed in our panel survey, sampled households reported expanded total land holdings, on average. In Purulia, total land sold was greater than the total land purchased. The frequency of land transactions and relatively small land areas involved suggest that the resulting changes in land ownership were demographically driven (need for dowry money) rather than a reflection of any significant trend toward commercialization of agriculture or increased concentration of lands to large land holders. As such, land transactions, by themselves, appear unlikely to alter the local agricultural system or to raise sustainability concerns.
The size of landholdings was positively correlated with the share of total household income accounted for by rice income. Among the landless, marginal, small, medium, and large farmers, the share of total income derived from rice production was 6%, 31%, 46%, 51%, and 60%, respectively, in the baseline survey. Among the smallest landholdiners, the small average share of total gross income derived from rice suggests that efforts to increase rice productivity alone are unlikely to contribute greatly to poverty reduction.
There was wide variation in the share of scheduled tribe (ST) and scheduled caste (SC) families across the sampled villages. However, even in villages with heterogeneous castes, residential segregation according to caste was observed. It is also noteworthy that tolas dominated by ST families tended to occupy more marginal lands, with many farm plots located on unproductive marginal upland. The relationships between a household's caste affiliation or the caste structure of a village and various economic outcomes appear to be complex.
Adoption of High Yielding Rice Varieties (HYVs)
Despite the widely announced accomplishments of the introduction of "Green Revolution" technologies in many parts of India during the 1960s through 1980s, the area covered by our survey has shown very low adoption rates of these technologies. At the time of our baseline survey in the late 1990s, the diffusion of high yielding rice varieties was not widespread in our study area, and based on results from the follow up survey, adoption rates have been particularly low in Giridih villages. The rate of modern rice variety adoption (the share of plots planted with HYVs during the prime post-monsoon growing--Kharif--season) was only 10 per cent in Giridih and 21 per cent in Purulia districts, according to response in our baseline survey (see Table 6 for full details). (Note 3) Adoption appears to be rising in more recent years, with farms in Purulia increasing their cultivation of HYVs at a much higher rate than farms in Giridih; According to results of our follow up survey, adoption rates increased to 30 per cent and 88 per cent in Giridih and Purulia, respectively. www.ccsenet.org/jsd Journal of Sustainable Development Vol. 7, No. 4; 2014 In Purulia, the rate of HYV adoption varied more widely across villages. In 1998, villages with the lowest rate of adoption reported that only 6 per cent of households cultivated HYVs, while nearly half (about 46 per cent) of households reported doing so in the villages with the highest adoption rates. By 2006, all villages surveyed in Purulia reported HYV adoption rates of 80 per cent or higher (the village with the highest adoption rate reported that 97 per cent of households in the village were cultivating HYVs). In contrast, HYV adoption rates among surveyed farms in Giridih villages were more similar across villages in 1997. The village with the highest rate of adoption reported a 27 per cent adoption rate, while the lowest reported a 0 per cent rate. In 2004, adoption rates had increased, ranging between 7 per cent and 60 per cent across villages.
It is clear that HYV adoption proceeded much slower in Giridih than in Purulia, and the adoption rates remained much lower in Giridih (30 per cent) than in Purulia (88 per cent) as of the mid-2000's. Furthermore, among Giridih households cultivating HYVs, a majority reportedly continued to cultivate traditional rice varieties as well, so were only partial adopters of the HYVs. The average share of the plots planted with HYVs among HYV adopting farmers in Giridih was about 54 per cent, while in Purulia the share of partial adopters was only 6 per cent. The 84 per cent share of the surveyed Purulia farmers reportedly adopting HYVs by the time they were interviewed for the follow up survey refers only to the Kharif season rice, and TV's continued to be cultivated at higher rates during seasons with less favourable water availability.
Our study also gathered detailed information on HYV varieties cultivated in Purulia. In 1998, the most popular varieties were: "Swarna" (44 per cent), "Lalat" (18 per cent) and 'Modern' (20 per cent) (figures in parentheses indicate the share of plots on which the variety was reportedly cultivatied). Farmers' favor toward the "Swarna" (51 per cent) and "Lalat" (44 per cent) was even clearer by 2007, with a small percentage of farms (4 per cent) using the "Hazar" variety, while other varieties were no longer cultivated in the area.
The observed pattern of HYV adoption (in Purulia) implies that the rapid increase in the HYV adoption rate was not due to the release of newer (and presumably more suitable for the conditions of the area) rice varieties, but rather due to the more recent adoption by farmers of the existing/well-established varieties.
Our data show that benefits of HYV was increasingly adopted in this part of Eastern India, albeit at different rates across Giridih and Purulia, in the late 1990s and early 2000s, more than three decades after the introduction of Green Revolution technologies in Asia. Given the high incidence of poverty and low productivity in agricultural production in the area, this is certainly good news. From sustainability point of view, however, the spread of high-input agriculture typically associated with HYV cultivation in the degraded and ecologically fragile environment is a potential source of concern. In this regard, farmers in Giridih appear to be proceeding rather cautiously; despite the spread of HYV adoption in the late 1990s and early 2000s, the overall adoption rate is still much lower in Giridih than in Purulia, and the majority of them are only partial adopters. Rather ironically, then, farmers in Giridih, who have been much slower adopters of modern rice varieties than their counterparts in Purulia, may arguably be better placed to meeting the challenges of sustainable agriculture in the future.
Changes in the Use of Rice Inputs
In addition to the adoption of high yielding rice varieties, another aspect of rice farming with important implications for sustainability is the amount of inputs used for rice production. Table 7 summarizes With the increase in HYV adoption during our data period discussed in the prior section, a rapid increase in chemical fertilizer usage is not surprising. However, from the standpoint of the environmental sustainability and economic viability of rice cultivation in the study area , the increased use of chemical-input intensive cultivation is a concern. We note that the increase in organic fertilizer (FYM) was quite a modest pace compared to the increased usage of chemical fertilizer. As observed for other inputs, the increase in organic manure was more pronounced in Giridih than in Purulia.
Changes in the Rice Yields
How has increased adoption of HYVs and application of chemical inputs affected rice yields and rice production in the study area? Results are summarized in Table 8 In assessing possible influences of the changes in yields observed among surveyed farms, it appears useful to consider the changes in yields suggested by survey results alongside secondary data on rainfall conditions and district level average rice yields (summarized in Table 9 ). (Note 4) Some of the seemingly contradictory yield trends between the two districts observed in the surveys appear to be explained by yearly differences in weather conditions across the districts and over time. Data suggest 1997 was a "good year" (i.e., a year featuring favorable weather for rice cultivation in Giridih, and relatively high average yields were recorded in the district (1,097 for TV and 1,584 for HYV). In contrast, 1998 was a "bad year" in Purulia and relatively low yields were reported (1,004 for TV and 1,351 for HYV). Detailed data reported from the weather station at Indian Statistical Institute's compound in Giridih indicate that the annual rainfall (1,485 mm) in 1997 was well above average levels recorded in 1990-2010 (1,199 mm). There was no drought episodes observed in the months of the year corresponding to the critical growth stages of rice. In contrast, weather in Giridih in 2004 was a 'bad year' with low rainfall and a shortened growing season. Total annual rainfall that year (1,048mm) was below the historical average (1,199mm) and there was an early season drought--little rain was observed in the month of May-that delayed crop establishment. These conditions likely contributed to the yield trend observed between the baseline and follow up surveys in that district. The rice yield reported in 1997 at the experimental farms at the ISI Giridih station) (1.48t/acre) was well above the average during the 1992-2010 period (1.15t/acre), while rice yield in 2004 (1.12 t/acre) was slightly below the Giridih average. Detailed data from the meteorological agency in Purulia show that in 1998, while total annual rainfall (1,484 mm) was slightly above the average over the historical average (1,341 mm), weekly rainfall data suggest that the onset of monsoon was delayed (i.e., early season drought) in most of the study villages (6 out of 8), which delayed tilling. Poor weather that year also involved intermittent during the flowering stage. (Note 5) However, 2006 was a 'good year,' when relatively high yields were reported in Purulia (1,363 for TV and 1,651 for HYV). In 2006, while the total annual rainfall in Purulia (1,245 mm) was slightly below the historical average (1,341 mm), the amount of rainfall in the crucial month of May (at the time of the start of seedbed preparation) was unusually high (not shown in Table 9 ), which likely contributed to the favourable yield performance in the district in that year. In Purulia in 1998, the average rice yield of 0.59 t/acre (according to reports by the Ministry of Agriculture) was well below the average during the reported data period of 1991-2007 (0.77 t/acre) while the rice yield in 2006 (1.06 t/acre) was above average. (Note 6) In addition, our data also suggest that, in line with the popular perception, yields tend to be more stable (1,004 ~ 1,363 kg/acre) and less vulnerable to bad weather conditions among TVs while HYV yields tend to fluctuate more widely (1,000 ~ 1,584 kg/acre) and HYVs are possibly more vulnerable to negative weather shocks.
Our yield data show there was a positive trend in yields for both traditional and modern rice varieties in Purulia and this trend was consistent with the rainfall information obtained from secondary source data on district level yields. While in Giridih, rice yields were largely stagnant between 1997 and 2004 (despite notable increases in the use of chemical inputs-especially fertilizer-as noted in the previous section) with rainfall seeming to contribute to this trend. (Note 7) The increased use of chemical fertilizers alongside the falling yields suggests a disturbing possibility that farmers in Giridih have applied increasing amounts of fertilizer in the effort to maintain rice yields while cultivating rice on plots that suffer depletion of soil nutrients over time due to continuous and intensive rice cultivation. This raises a serious concern from sustainability point of view in the area under study.
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Conclusions
This paper analysed longitudinal household surveys collected in two adjacent districts on the Chhotanagpur Plateau in Eastern India during the period between 1997 and 2006 to assess yield changes and changes in agricultural inputs and their impacts on the sustainability of local agricultural systems. The study area is a poverty stricken and environmentally fragile part of Eastern India with a significant proportion of residents from scheduled tribes. Examining the changes in the landholding patterns (i.e., land market transactions), use of HYV and of other inputs (mainly fertilizer) in rice cultivation and the changes in rice yields, the study contributes to the limited empirical understanding about the evolution of agricultural systems in impoverished rain fed areas of Eastern India.
Our data show that despite the relatively unfavourable natural resource endowments and the relative lack of economic opportunities, few farming households were observed out migrating during our observation period in the both districts. The fact that the total number of households increased by one quarter suggests the area is facing mounting population pressure likely to place additional burden on the already fragile land endowment.
The benefits of the green revolution, over 30 years after its onset in Asia, appear to have finally reached this poverty stricken and low productivity part of Eastern India. In Purulia, yields for both TVs and HYVs increased between the baseline and the follow-up surveys. In contrast, in Giridih, yields from TV held steady, while HYV yields actually declined for reasons traced to changes in growing conditions across these years.
The trends observed in the rice cultivation practices and outcomes in our study area provide both positive and negative implications for the sustainability of local livelihoods--and particularly of the rice-centred agricultural system. The stability of ownership and landholding is encouraging in terms of prospects for the small landholding households covered in our panel survey continuing to be able to derive their farm-based livelihoods. However, the mixed results from increased cultivation of HYVs raise sustainability concerns in Giridih.
Nonetheless, the research suggests the latent sustainability of the agricultural system may actually be greater in Giridih. Despite the more 'progressive' local governance in Purulia, where the Panchayat system is better developed, land reform was more actively and completely implemented in the past, and HYV adoption rate was faster and appeared more sound technically; in Giridih, the total land available for our sample farmers increased as the result of land market transactions. Farmers in Giridih have been more cautious in their move toward high-chemical intensity agriculture favouring, instead, increased use of organic manure more rapidly (although at a much slower pace than their increase in chemical usage).
Overall, given the high rate of poverty and the unfavourable and degraded natural resource base in the Chhotanagpur Plateau in general, farmers in the both districts imply small landholding farms in both Giridih and Purulia may face a rising challenges in terms of maintaining their livelihoods in the future.
As we discussed in the introduction, the area studied by this paper has been identified as a poverty stricken area based on secondary data and on our earlier studies. We have highlighted the impact of household socioeconomic characteristics in shaping the outcomes with respect to the sustainability of the agircultual system in the study area, however, further efforts to assemble information to disucss these issues (i.e., changes in the level of household welfare over time as measured by changes in consumption expenditure) are needed and is planned in future extension of the research. Also, we have attempted to identify potential welfare implications of future yield changes (i.e., income losses and rising poverty) qualitatively in this paper, but addressing these questions more rigorously is saved for a future paper.
